It has been recognized for some time that the spontaneous emission by atoms is not necessarily a fixed and immutable property of the coupling between matter and space, but that it can be controlled by modification of the properties of the radiation field. This is equally true in the solid state, where spontaneous emission plays a fundamental role in limiting the performance of semiconductor lasers, heterojunction bipolar transistors, and solar cells. If a three-dimensionally periodic dielectric structure has an electromagnetic band gap which overlaps the electronic band edge, then spontaneous emission can be rigorously forbidden. (1) the radiative quantum efficiency has a maximum value [I+(2/B)(C/r) 't ] 
It has been recognized for some time that the spontaneous emission by atoms is not necessarily a fixed and immutable property of the coupling between matter and space, but that it can be controlled by modification of the properties of the radiation field. This is equally true in the solid state, where spontaneous emission plays a fundamental role in limiting the performance of semiconductor lasers, heterojunction bipolar transistors, and solar cells. If a three-dimensionally periodic dielectric structure has an electromagnetic band gap which overlaps the electronic band edge, then spontaneous emission can be rigorously forbidden. A specific realization of the desired structure is illustrated in Fig. 2(a) . Instead of one-dimensional corrugations as in distributed-feedback lasers, deep corrugations are etched along two surface directions leaving in eNect a checkerboard pattern on the substrate.
The height, width, and depth of each cube-shaped etch pit is X/2(n|+nz) or, in other words, one-quarter the average material wavelength where X is the vacuum wavelength, and n i and n 2 are the two indices of refraction. As shown in Fig. 2(b) , further epitaxial layers are each grown one-quarter wavelength thick under such conditions as to minimize the step coverage and maintain the cubic structure with each successive layer. The result of such a three-dimensional crystal growth is a facecentered-cubic (fcc) structure in real space, but on a length scale which is about a thousand times larger than the fcc crystal structure of the atoms. The threedimensional periodicity of the index of refraction leads to an fcc reciprocal lattice for electromagnetic waves with the classic Brillouin zone as illustrated in Fig. 2(c) .
With a sufTiciently large diAerence in refractive index between ni and n2, a gap will open up in the electromagnetic density of states. The idea here is for the gap or minimum in the density of electromagnetic states to overlap the maximum in the spontaneous emission spectrum.
In Fig. 2(b) , the active gain region resides in an n2 refractive index layer which is thicker than normal in order to provide some phase slip for vertical confinement of the active mode. The lasing mode need not reside in the very good match to the available gain and permit ting a sufficiently large mode volume. A lower limit can now be placed on the minimum refractive index diA'erence required to assure that a gap will open up in the electromagnetic spectrum. At the point L in the Brillouin zone, the gap will be centered at a frequency v=n"c/X, while at the L point the gap will be centered at a lower frequency v=(J3/2)n, "c/X. This is because the L point is closer to the center of the zone than the X point. It is important that the two gaps should overlap to assure a forbidden gap rather than merely a density of states minimum.
In the onedimensional case hvs, p = (2/rr) vd, n/n (2) Fig. 3(b) where all the internal spontaneous emission is coupled to the exterior by surface texturing. In this case all the internal emission is lost, but is compensated by a corresponding 2n increase in the absorption path length for externally incident radiation which becomes internally trapped. ' This permits the semiconductor slab to be correspondingly thinner, while maintaining the same degree of absorption. But then the internal spontaneous emission is diminished by a simple reduction of semiconductor volume. Therefore the light-trapping geometry of Fig. 3(b) is already optimized for inhibited spontaneous emission, and has many other benefits as well such as reducing the needed volume of semiconductor material, increasing the output voltage and the conversion e%ciency.
A geometry of the type shown in Fig. 3(b 
